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ABSTRACT

This paper looks at the design process of an inquiry-based mathematics and science unit in two urban grade nine
classes. Three teachers who feach in an urban, all-girls' Junior high school collaborated with math/science and
educational experts to design and implement the unit. Results showed the following: feachers needed to be flexible
regarding the direction of the unit, collaborating with experts helped teachers fo design a more authentic unit, fopic
selection needed fo be carefully considered, and that the resulting unit was worthwhile due to its relevance, richness,
and increased student interest and abilify to make muilti disciplinary connections. Issues with this approach included

workload, the amount of time required for planning, and alack of inquiry-based materials in math.
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INTRODUCTION

This paper focuses on the instructional design process of an
inquiry-based mathematics and science project for two
grade nine classes. A collaborative feam of three grade
nine teachers, a university professor, and a scientist
designed and implemented multi disciplinary, inquiry-
based units for the two classes. The design team used an
iterative approach, incorporating feedback from students
during the delivery of the unit.

Inquiry-based leaming is generally recognized as being
more authentic for students as it allows them the flexibility to
make some of the decisions about their learning; an
emphasis on inquiry also fends to promote critical thinking
skills. As a result, students may have deeper, more relevant
learning experiences when using this approach. The body
of literature on inquiry-based leaming in the secondary
grades is growing, yet very few studies focus on inquiry in
math and science. This study extends our understanding of
inquiry in a secondary educational setting. Additionally, it
adds a fresh perspective since the project uses experts in
math and science fo collaborate with classroom teachers
in the design of the project.

Related Literature

The theoretical framework for this study is constructivism with
a focus on inquiry-based learning. Rooted in

constructivism, inquiry-based leaming promotes student
leaming “through guided and increasingly independent
investigation of complex questions, problems, and issues,
often for which there is no single answer”. Knowledge is
socially constructed and learning occurs in the
involvement in communities of practice.

One of the major assumptions underlying constructivism is
the idea that knowledge is not factual information just
waiting to be discovered, but rather, it is a human product
that is constructed based on each person's experience. As
we all have different experiences, individual meaning may
be quite different from the understanding that other
people have created (Gordon, 2009; Meyer, 2008).
Related to this concept is the assumption that redlity is a
social construct, rather than an objective entity. Thus, there
is no single fruth that can be accepted by everyone. As
reality is interpreted based on people's individual
experiences, and is embedded in contextual factors such
as culture, gender, age, and so on, we will never arrive at a
universal understanding of reality (Gordon, 2009; Meyer,
2008; Cronje, 2006). Another assumption of constructivism
is that leaming is a social process. People collaboratively
create meaning and refine their understanding as they
inferact with others and with their learming environment
(Gordon, 2009; Lin & Matfthews, 2005; Phillips, 1995).
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According fo Vygotsky (1962, in Lin & Matthews, 2005),
learning occurs in a social context, with individuals arriving
at personal meaning based on their own experiences.

Rooted in John Dewey's work, inquiry-based learning is “an
approach to learning that involves a process of exploring
the natural or material world, and that leads to asking
questions, making discoveries, and rigorously testing those
discoveries in the search for new understanding” (National
Science Foundation, 2005, p. 2). Inquiry, according to
Dewey, "is the only authentic means at our command for
geftting at the significance of our everyday experiences of
the world in which we live” (1938, p. 111). Promoting
learming from guided exploration of complex problems
and issues via direct experience and inspiring their natural
curiosity (Lee, 2004), inquiry is also an essential skill for
coping with the complexity of this information age and its
many challenges such as information overload (National
Science Foundation, 2005).

Although inquiry is not a new ideaq, it was not until the 1980s
that people started to realize the value of inquiry-based
learning. The current enthusiasm in inquiry has resulted in a
flurry of research studies, each with its own definition and
understanding of the ferm. Some studies focused on
learning activities and others emphasized inquiry as a
teaching technique. Regardless of the focus, it is
commonly accepted that inquiry can embrace different
approaches ranging from structured inquiry, to guided and
open inquiry. Inquiry-based learning encourages
collaborative leamning, the use of examples that grow out of
the students' own experiences, appreciation of diversity,
and connecting with experts in the fields. In this paper, the
authors define inquiry as “an approach to learning that
involves a process of exploring the world, and that leads to
asking questions, making discoveries, and rigorously testing
those discoveriesin the search for new understanding”.

According to the Galileo Educational Network, several
characteristics are generally presented in inquiry-based
learning. Projects focus on authentic problems and issues
that are relevant fo students and to the real world. Students
play akey role in defining the questions to be studied as well
as the direction that leamning takes. Learning is done
through field work, design, construction, inferviews,

research, and other types of active exploration that lead
students to new insight; deep understanding is the goal, not
regurgitation of facts. Teachers facilitate the leaming
process by guiding students and sfructuring the leaming
environment., Lord and Orkwiszewski note that inquiry-
based leamning differs from a didactic, prescribed
approach in that problems are more ill-defined and may
have several possible solutions.

Inquiry-based learning has been used to teach various
subjects, including mathematics, science, language arts,
and health education. A growing body of research is
starfing fo provide evidence that inquiry-based leaming
can have a positive impact on student learing that is
reflected in their academic achievements and their ability
fo solve problems. Many current mathematics and
science standards are ftheorefically grounded in
constfructivism. Consequently, examples of successful
standards-based instruction are often characterized as
inquiry-based.

Inquiry in the math/science classroom is characterized by
hands-on activity and critical thinking. Students are
encouraged o explore, do research, reflect on what they
have learned, communicate their findings, and evaluate
their knowledge. Unlike the scientific method, in which
students follow a prescribed routine, scientific inquiry
prompts students to ask interesting questions, plan and
conduct investigations, use appropriate techniques to
gather data, think critically about evidence and possible
explanations, analyze alternative explanations, and
communicate their arguments. Benefits of using an inquiry
approach include increased retention of factual
knowledge, more flexibility/creativity in problem solving,
and anincrease in student motivation.

Various scholars note that there can be challenges in
implementing inquiry-based leaming in the math/science
classroom. One such difficulty is that it requires substantially
more time 1o teach this way than more traditional methods
(Cronje, 2006). Another challenge is the demands placed
on teachers: they need 1o know the science content, have
an understanding of how scientists work in their field, know
how to implement inquiry-based leamning pedagogy, and
have the technological expertise to support students in
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their investigations (Harris & Rooks, 2010). These concerms
are noft trivial considering the heavy workload that most
teachers already have; some teachers indicate that
inquiry-based learning requires too much time and effort of
them (Baker et. al., 2008). Students can find inquiry-based
learning challenging as well; those who have limited
experience with this type of pedagogy can find the shift in
expectations, to a more self-directed learning
environment, quite frustrating (Harris & Rooks, 2010; Knodf,
2009). Finding support materials for the inquiry-based
science classroom can be tricky as well. If teachers are to
rely on materials other than textbooks, then they must find
authentic, engaging, age-appropriate resources such as
news articles, literature, and various types of scientific
writing. Certain scientific fopics have a greater variety of
readily accessible materials than others (Ford 2009).

Researchers note that collaborative design can be
challenging for educators. Many teachers are
accustomed to planning in isolation; team planning
requires them 1o see other viewpoints, incorporate other
people's ideas, and perhaps use a different planning
process. It is also essential that feam members build a level
of trust, which might require some time to establish. The
entire feam needs to have good communication skills and
a shared vision for the project. Frequently, an additional
challenge is anincrease in workload for the teacher .

The benefits of collaborative design can make it worthwhile
to overcome the challenges, though. In one study,
teachers felt that the collaborative design process was a
wonderful professional development opportunity in that it
friggered reflection on their teaching strategies, which led
to some changes in teaching approach . Researchers of
another study noted that the multidisciplinary,
collaborative design approach led to changes in the
teachers' classroom practices, which positively influenced
student learning outcomes and thereby had an impact on
the teachers' beliefs and attitudes. These studies support
the finding that individuals bring different strengths to the
team, resulting in an enhanced design. A collaborative
approach can facilitate the exchange of ideas, provide
mentorship, and prompt people to reflect on their
assumptions. Team planning can lead to greater

integration of topics, and for students, a better
understanding of subject matter. Enhanced student
learning can provide a compelling rationale for using a
collaborative planning approach.

Research Questions

This study explores the process of designing inquiry-based
math and science units for grade nine. Specifically, the
following research questions guide this study:

e How did the collaborative design among feachers,
researchers, and scientists impact on the design of the
inquiry-based math and science units?

e What are teacher perceived negative aspects of such
collaborative design process?

During the term, the participating teachers held weekly
meetings with teacher educators, researchers and a
scientfist to discuss and design learning activities.
Preliminary meetings were exploratory in nature, with
brainstorming sessions to generate activity ideas. The team
first developed an overarching theme 1o guide students'
learning during the term. In subsequent meetings, the
design feam mapped out how learmning activities related to
the curriculum, saving the best and discarding ideas that
held less relevance. A total of three inquiry projects were
implemented for the semester, each project lasting four to
six weeks. The design of these projects focused on
connecting learning with students' lives through the
exploration of diverse perspectives. During this process,
students provided ongoing feedback which was
incorporated info the design of subsequent learning
activities.

Methods

This research was a qualitative case study of three grade
nine teachers who were teaching in an urban school in
Western Canada. The case focused on their experiences
designing inquiry-based math/science units in
collaboration with scientists/mathematicians, researchers,
and an external pedagogy consultant. The participants
had a range of feaching experience, including a
beginning teacher (N), one who had been teaching for
several years (M), and a teacher with more than 20 years of
experience (A). They all were teaching af the same junior-
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high all-girls' school.

Data

Data collected included interviews of the teachers at the
beginning, middle, and the end of the project. Notes were
tfaken during weekly 2-3 hour meetings involving the
feachers, researchers, an external pedagogy consultant,
and a scientist. Occasionally, meeting notes were taken by
more than one person. Further, the authors conducted
monthly observations of classroom teaching of each
teacher and interviewed each of 18 students at least three
fimes. They also collected individual reflective field journals
kept by the teachers, recording their actions, plans, and
reflections. Additional data included a field diary by the
researchers. Student interviews also generated some
illuminating comments about the leaming units.

Analysis

Authors independently conducted initial coding of the field
notes, interview transcripts, and teacher reflective journals
to identify the major themes. These initial codes were then
compared, discussed, and continued to be revised during
the interaction with data until mutually agreed themes
were developed. The initial list of codes was then
reexamined, and the codes peraining to the teacher
professional development, as described in the relevant
literature, were isolated. Grouping the data under different
codes allowed us fo see different patterns and themes
emerging. Through repeated scrufiny, the original
contextuadlized descriptive codes were refined to five more
abstract constructs: teacher beliefs about inquiry, students,
collaboration, and fechnology, and resulting feacher
practice. These different themes were interpreted within the
broader social context of the school. To ensure reliability
and accuracy, they employed strategies including the
analysis of different forms of data, including student
intferviews and the researchers' field diaries to triangulate
the interviewees' claims. Also, the data was analyzed
independently by three researchers, looking for extreme
cases, and paying particular attention to negative
evidence.

Results

Qualitative analysis was conducted from teacher
interviews, student interviews, and researchers' journals. The

emergent themes shed light on many facets of inquiry
learning in math and science, as well as student and
teacherroles.

Impact on Design

Afocus on inquiry demanded that teachers be flexible with
their planning. They had a starting point for the unit of study
and a direction for students to guide their inquiry, but
teachers also had to be ready to delve into areas that
interested the students. This was necessary if students were
going to take ownership of the learning.

The authors planned the whole unit, they sat and said these
are the curriculum objectives that they are going to try fo
cover every week, but then it changes... because they
didn't really know where they were going o go until they saw
where it was going with the kids, so that's the tricky part [M,
mid-interview].

The flexibility with planning allowed the teachers to use
formative assessment which helped them to determine
next steps in designing the unit. With this information they
were able to customize the leaming to some extent for
students who wanted to study it at a deeper level:

[The projects are] really creative and if's different for
every kid. The kids that need enrichment, they can
take it further, into more depth... The kids that are really
keen on it and want that enrichment, they can go find
further stuff, more information than they would do as a
whole class at an infroductory level [M, mid-interview].

Collaborating with math/science and educational experts,
teachers were able to create authentic units that applied
to the real world. The classroom teachers appreciated
having different perspectives on the content and the ways
in which their collaborators were able fo make
connections:

e | liked the follow-up with [the math/science and
educational experts], in terms of where we were, how
can we make it better... I liked linking it back to what
we're doing here and making sure what we're doing
next still links info our studies. That's been the fun part of
it, making it all fitin authentic ways [N, mid-interview].

e Interms of [the math/science experts] coming in with
their background, and offering perspectives that we
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wouldn't have thought of before and [the educational
expert] bringing in the inquiry, just the way she will bring
ideas and make connections for us, the more people
you have fo do that, the richer and broader and the
more possibilities you have [A, mid-interview].
Teachers identified a lack of resources as one of the
challenges of implementing an inquiry-based approach in
math and science. Since these subjects have not
fraditionally been taught in this way, the teachers had
difficulty finding appropriate resources for the students.
They also voiced the frustration that very few of their peers
took an inquiry-based approach in math and science, and
therefore it was difficult to find other teachers who could
provide support.

Having math/science experts on the team, therefore,
helped the classroom teachers to make connections,
within subject areas, among different disciplines, and
between curricular topics and real life application. Such
connections were enriching and often beyond the
teachers' subject matter expertise. Further, the math/
science experts identified appropriate resources.

e [The experts] made a lot of connections that we didn't
even think of. We said, this is what we're working on,
can you see any connections, and they saw it and
gave us some support to find those resources [M, post-
interview].

e Resources are fough, just fo find all of that stuff.
Sometimes you think, “This would be great,” if | could
find information on this, and all those things just take
forever. We're thinking about GPS, but didn't really
know where to make those connections and where fo
find the information. The really great thing was, [the
scientist]... helped to do that for us, so that really, really,
readlly helped. We couldn't really find anything, we
weren't really sure, we didn't have the expertise in it [N,
mia-interview].

The classroom teachers noted that while planning with their

colleagues was time-consuming,

worthwhile. Collaboration allowedthemtodrawon each
other's strengths, bringing different things intfo the
classroom:

it was also

e [ think that there have been really constfructive pieces

that have come out of [the planning sessions]... and
I've been able fo draw links info Language Arts and
Social Studies in various ways [N, mid-interview].

e  Her sfrengths and my strengths are different, and if we
were together, we could draw on those sfrengths and
be a fantastic team... [A colleague] has far greater
knowledge in ferms of mathematics and science than
| do, and I have greater experience with inquiry than
she does, so if we could marry those in the classroom it
would be so powerful [A, mid-inferview].

Another theme that emerged from the data was that
planning an inquiry-based unit required careful topic
selection. The teachers asserted that the topic had to be
broad, but carry weight. In order to hold student interest, it
needed to be current, relevant, and authentic. They said
they would do the same unit next year, if the topic was sfill
current and they could bring something fresh to it:

e Would | do a bear inquiry every year from now on if |
tfaught Grade 9? No, but | would do a bear inquiry
again next year if again it becomes hot. Is there value
fo do it again next year? For my partner, a hundred
percent. There is the recursive nature for herto seett, ...
fo see how you have to bring what's fresh info it [A, post-
inferview].

The teachers emphasized that current topic selection was
critical to attracting student aftention in that it connected
learning to their own lives. The teachers wanted o maintain
the same structure for the unit in future years, while focusing
on different ideas that are predominant issues at the time.
Selecting a relevant topic for inquiry was more critical fo
them than conserving on preparation time by reusing a
unit.

Because of the focus on inquiry-based learning, the design
of the experiences had to reflect different roles for teachers
and students than they were accustomed to in a traditional
classroom. Students were no longer passive learners that
follow prescribed routines and topics of study. Rather, they
had fo be more self-directed, formulating their own
questions and doing research, and ultimately deciding
where the unit would end up.

e Kids need to experience their learning. They need fo
be the ones that are directing if to some degree. In
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ferms of asking questions, and formulating their ideas
around it[A, mid-interview].

In alignment with this approach, teachers also had to
assume a different role in the classroom, providing a
starfing point and a guiding hand, while maintaining the
flexibility to let students make decisions:

e As q feacher, | guide that process, asking guiding
questions fo get them fo go where they need fo go in
terms of making the answers correct, are their
assumptions correct, buft not limiting that to what's
given in the curriculum, whats given by my own
knowledge, but expanding beyond that [N, mia-
interview].

Therefore, teachers had fo be willing to give some control
over to the students, letfing themn make some of the
learning decisions.

The three teachers in the project concurred that this inquiry-
based, collaborative approach was critical to the students'
success of making real-world connections with math and
science learning. Students sometimes see math, in
particular, as disconnected from the real world and have
no practical application. The math/science experts were
able to add relevance and richness, which increased
interest in the subjects and allowed students to make
multidisciplinary connections. One teacher noted that:

e They're more aware of what's current and they have
now the knowledge and the confent fo back up their
thinking, and I think they're surprised in how informed
they've become. An example was when [a guest]
came in fo do the bear presentation, the kids'
questions blew her out of the water. It wasn't just
surface level questions, it was deeper questions [A,
mia-interview].

Incorporating student feedback during the delivery of the

unit allowed teachers to address student comments,

especially negative comments or concerns that students
had. As aresult, the overall learning experience for students
was strong and relevant.

Negative Results

There were a few issues that arose with this approach to
design. One such issue was that the unit could not always

be delivered in the ways that it was designed. Various
constraints arose, forcing the teachers to make
compromises. One of the largest constraints was time:
implementing an inquiry-based unit in math and science
takes a lot of it. The teachers felt pressured to keep up a
certain pace so that they covered the curriculum in a
fimely manner. The teachers also felt pressure from parents
who were not accustomed to this learning approach:

e [ve hadsome discussions with one student in particular
and her mother about the different approach to
assignments and the need to think oufside of the
regurgitation that she perhaps was used fo in the
past... those kinds of conversations have been a bit of
a struggle for sure [N, mid-interview].

Another issue with using this approach was teacher
workload issues. All three teachers stated that the planning
process took more time; though the end result was worth it,
the workload was definitely increased. In addition to
meeting with the math/science and educational experts,
the teachers themselves met frequently to discuss the unit's
direction:

o We get fogether all the time because we fry fo keep
things the same and | actually go over and sif in her
class just to fry to keep things uniform between the two
classes. We usually get fogether on the weekends and
plan for the week, plan for the month, where are we
going, what we are doing. Sometimes ifs hard
because we get so busy and then things don't go as
well [M, mid-interview].

Discussion

A significant aspect of the study is how the design team
incorporated student suggestions throughout the iterative
design process. The classroom teachers continually
assessed student leamning and interest, requesting
feedback, and revising the project accordingly. This is in
contrast o the way in which some teachers design the
learning for their students: a rigid, predetermined
seqguence of instruction with little consideration for student
interests. Classroom teachers, administrators, and
instructional designers will find the focus on collaborative,
iterative design to be of inferest.

The need for flexibility is the first theme identified in this study
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that speaks to the nature of designing inquiry-based
learning. This flexibility is reflected in the leaming design and
exercised throughout the leaming experience. When
teachers, scientists and researchers collaboratively plan
theirinstructions, they need to incorporate a certain level of
flexibility so that teachers can make necessary changes to
accommodate student needs. Formative assessments
can provide salient information that reveals what has been
working well and areas for improvement in student
learning. These important data therefore need 1o be
infegrated into the iterative design of the subsequent
instructional activities.

Flexibility is also required in the unit planning to allow
students' input in order to facilitate student direction
regarding the content. When students have a voice in their
studies, including the activites and the content, the
learning process becomes intrinsically motivating for them.
Allowing students to find their relevance in math and
science topics necessitates that the teachers give up
some of the control of the direction of the leaming
experience. Teachers need to be prepared 1o let students
make their own decisions and take advantage of
serendipitous leamning. The nature of an inquiry based
approach also demands the changing of student roles
from passive listeners to active participants. They need to
take charge of their learning by selecting activities that
have meaning to them and exploring avenues of interest
along the way, carefully guided by the teachers.

Results of this study also suggest that good instructional
design for inquiry-based learning demands careful topic
selection. Current authentic topics, relevant to students
and broad enough to pull in multidisciplinary connections,
provide meaningful context for leaming. Topic selection is
enhanced by incorporating the expertise of the
scientists/mathematicians because it allows both feachers
and students to benefit from their depth of knowledge and
experience. Both teachers and students in the study noted
that the unit was authentic and relevant to their lives.
Through careful planning, the teachers guided students to
make mulfidisciplinary connections, leading 1o deeper
learning that have gone well beyond curriculum
expectations.

A significant strength of the collaboratfive design with
experts in math/science is that the experts can make
connections between the subjects and the real world that
goes beyond the scope that regular classroom teachers
can provide. In this study, the teachers feel that the
scientists have provided useful connections and resources
that they had not thought of or outside of their knowledge
and experiences. These connections are vital for students
to understand the application of math and science to
everyday life and the real world. This finding confirms that a
collaborative approach to design can facilitate integration
of different topics and real applications .

Conclusions

This paper explores the collaborative design process of an
inquiry-based mathematics and science unit in two urban
grade nine classes. The study adds to the body of research
in a couple of key areas. First of all, few research studies
have been conducted on designing the learning
environment for inquiry in secondary math and science
classrooms; math is especially neglected. The results of this
study add to our theoretical understanding of the nature of
inquiry in secondary education. Additionally, the results
provide practical guidelines to teachers at the secondary
level who are interested in designing inquiry-based projects
inmath and science.

Although there are numerous benefits, the results from this
study show that a collaborative design process of inquiry-
based instruction has challenges. One challenge is the
extensive time required to plan and create engaging
learning experiences. More time is required of the teacher
fo organize resources, structure teaching and learning
activities, and conduct student assessment for coherent
and authentic inquiry math and science units. In
connection with the amount of time required, teacher
workloads have increased with this approach. This is
consistent  with previous research that indicates an
increased workload for teachers. One implication is that
administrators should be supportive of teachers' efforts to
incorporate collaborative design of inquiry based
instruction to their classrooms. Some suggested strategies
include course release time and professional
development oninquiry-based instruction.
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There are a couple of limitations of the study worth noting.
First of all, the study was conducted at an all-girls' school.
Since thisis a specific population, the authors do not know if
the results would be comparable in a mixed-gender
sefting. Another limitation of the study is the climate of
support. Administration in this school was very supportive of
inquiry-based learning and teacher collaboration,
encouraging teachers 1o plan together and meet with
external experts. Teachers who are in a less supportive
environment get different results from the studly.
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